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(57) ABSTRACT

A battery pack test system is provided. The system includes a
battery charging device that monitors an output voltage level
of the vehicle battery pack. The system further includes a
switch electrically coupled between an igniter and a voltage
source. The system further includes a first video camera that
generates a first plurality of images of an interior of the
vehicle battery pack. The switch has a closed operational state
at a first time in response to the output voltage level of a
battery cell in the vehicle battery pack being greater than a
threshold voltage level, to induce the igniter to generate a
spark to generate a fire within an interior region of the vehicle
battery pack.
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FIRST VIDEQ CAMERA DISPOSED WITHIN THE HOUSING OF THE VEHTCLE BATTERY PACK GENERATESAFIRST | 400
PLURALITY OF IMAGES OF AN INTERIOR OF THE VEHICLE BATTERY PACK, THE FIRST PLURALLTY OF IMAGES BEING |/
RECEIVED AND STORED BY A MASTER COMPUTER IN A FIRST MEMORY DEVICE

SECOND VIDEQ CAMERA DISPOSED PROXIMATE TO A WINDOW OF A TEST CHAMBER GENERATES A SECOND 402
PLURALITY OF IMAGES OF AN EXTERIOR OF THE VEHICLE BATTERY PACK DISPOSED IN THE TEST CHAMBER THE |/
SECOND PLURALITY OF IMAGES BEING RECEIVED AN DDg(I)cIlEED BY THE MASTER COMPUTER IN THE FIRST MEMORY

4

THIRD AND FOURTH VIDEQ CAMERAS DISPOSED IN THE TEST CHAMBER AND OUTSIDE OF THE VEHICLE BATTERY | 404

PACK GENERATE A THIRD PLURALITY OF IMAGES AND A FOURTH PLURALITY OF IMAGES, RESPECTIVELY, OFTHE |

EXTERIOR OF THE VEHICLE BATTERY PACK, THE THIRD AND FOURTH PLURALITY OF IMAGES BEING RECEIVED AND
STORED BY THE MASTER COMPUTER IN THE FIRST MEMORY DEVICE

y

FIRST TEMPERATURE SENSOR TERATIVELY GENERATES A FIRST TEMPERATURE SIGNAL INDICATIVE OF A FIRST | 406
TEMPERATURE LEVEL WITHIN A BATTERY MODULE IN THE VEHICLE BATTERY PACK THAT IS RECEIVED BY ADATA |/
ACQUISITION COMPUTER AND STORED IN A SECOND MEMORY DEVICE BY THE DATA ACQUISITION COMPUTER

SECOND TEMPERATURE SENSOR ITERATIVELY GENERATES A SECOND TEMPERATURE SIGNAL INDICATIVE OF A SECOND| 408
TEMPERATURE LEVEL OUTSIDE OF THE BATTERY MODULE AND INSIDE THE VEHICLE BATTERY PACK THAT IS
RECEIVED BY THE DATA ACQUISITION COMPUTER AND STORED IN THE SECOND MEMORY DEVICE BY THE DATA
ACQUISITION COMPUTER

y

DATA ACQUISITION COMPUTER GENERATES FIRST AND SECOND CONTROL SIGNALS T0 INDUCE FIRST AND SECOND | 410
CONTACTORS, RESPECTIVELY, TO EACH TRANSITION TO A CLOSED OPERATIONAL STATE TO FLECTRICALLY COUPLEA |/
FIRST BATTERY CHARGING DEVICE TO THE VEHICLE BATTERY PACK

®

FIG. 2



U.S. Patent Mar. 8, 2016 Sheet 3 of 4 US 9,281,544 B2

P

FIRST BATTERY CHARGING DEVICE SUPPLIES A RELATIVELY CONSTANT FIRST ELECTRICAL CURRENT TO THE VEHICLE e
BATTERY PACK UNTIL THE VEHICLE BATTERY PA(SIHITAES (fFSglﬁll-:l-gEF-(HARGE SUBSTANTIALLY EQUALTO A DESIRED J

420
DATA ACQUISITION COMPUTER STOPS GENERATING THE FIRST AND SECOND CONTROL SIGNALS TO INDUCE THE FIRST

AND SECOND CONTACTORS, RESPECTIVELY, TO EACH TRANSITION T0 AN OPEN OPERATIONAL STATE TO ELECTRICALLY J
DE-COUPLE THE FIRST BATTERY CHARGING DEVICE FROM THE VEHTCLE BATTERY PACK

A

DATA ACQUISITION COMPUTER GENERATES THIRD AND FOURTH CONTROL SIGNALS TO INDUCE THIRD AND FOURTH 422

CONTRACTORS, RESPECTIVELY, TO EACH TRANSITION TO A CLOSED OPERATIONAL STATE TO ELECTRICALLY COUPLE A J
SECOND BATTERY CHARGING DEVICE TO A BATTERY CELL WITHIN THE VEHTCLE BATTERY PACK

A4

SECOND BATTERY CHARGING DEVICE SUPPLIES A SECOND ELECTRICAL CURRENT TO THE BATTERY CELL IN THE i
VEHICLE BATTERY PACK UNTIL A STATE-OF-CHARGE OF THE BATTERY CELL IS GREATER THAN A THRESHOLD STATE-OF-
(HARGE, AFTER THE VEHICLE BATTERY PACK HAS THE STATE-OF-CHARGE SUBSTANTIALLY EQUAL TO THE DESIRED

STATE-OF-CHARGE
"\
OUTPUT VOLTAGE LEVEL OF BATTERY CELL >THRESHOLD VOLTAGE LEVEL? OR NO
FIRST PLURALITY OF IMAGES INDICATE GASES ESCAPING FROM THE BATTERY CELL? N
426
YES

DATA ACQUISITION COMPUTER STARTS ITERATIVELY GENERATING A FIFTH CONTROL SIGNAL ATAFIRSTTIMETO | 428

INDUCE A SWITCH THAT IS ELECTRICALLY COUPLED BETWEEN AN ELECTRICALLY-ACTUATED IGNITER AND A VOLTAGE J

SOURCE TO TRANSITION TO A CLOSED OPERATIONAL STATE SUCH THAT AN OPERATIONAL VOLTAGE IS APPLIED TO THE

IGNITER IN THE VEHICLE BATTERY PACK TO INDUCE THE IGNITER TO GENERATE AND ELECTRICAL SPARK TO GENERATE
A FIRE WITHIN VEHICLE BATTERY PACK

FIG. 3
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434

DOES THE SECOND PLURALITY OF TMAGES, THE THIRD PLURALITY OF IMAGES, AND THE FOURTH PLURALITY OF
[MAGES INDICATE THAT A FLAME 1S NOT PROPAGATING OUTSIDE OF THE VEHTCLE BATTERY PACK DURING A
PREDETERMINED TIME INTERVAL AFTER THE FIRST TIME?

YEs . 436

VEHICLE BATTERY PACK PASSES A FIRE SAFETY TEST

NO

' 438
VEHTCLE BATTERY PACK FAILS A FIRE SAFETY TEST |

" 440
OPERATOR TURNS ON AN EXHAUST VENTILATION SYSTEM TO REMOVE SMOKE FROM THE TEST CHAMBER AFTERA |/
FIRE 1S PROPAGATING WITHIN THE VEHICLE BATTERY PACK

FIG. 4
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1
BATTERY PACK TEST SYSTEM

BACKGROUND

A vehicle battery pack has been developed for hybrid elec-
tric vehicles or pure electric vehicles. The inventors herein
have recognized a need for a battery pack test system that can
perform a fire safety test to determine how long a vehicle
battery pack can contain a fire therein.

SUMMARY

A battery pack test system for testing a vehicle battery pack
in accordance with an exemplary embodiment is provided.
The battery pack test system includes a first battery charging
device configured to supply a first electrical current to the
vehicle battery pack until the vehicle battery pack has a state-
of-charge substantially equal to a desired state-of-charge. The
battery pack test system further includes a second battery
charging device configured to supply a second electrical cur-
rent to a battery cell in the vehicle battery pack such that a
state-of-charge of the battery cell is greater than a threshold
state-of-charge, after the vehicle battery pack has the state-
of-charge substantially equal to a desired state-of-charge. The
battery pack test system further includes a data acquisition
computer configured to measure an output voltage level of the
battery cell. The battery pack test system further includes an
electrically-actuated igniter disposed in the vehicle battery
pack. The battery pack test system further includes a switch
electrically coupled between the electrically-actuated igniter
and a voltage source. The switch has a closed operational state
in which a voltage is applied to the electrically-actuated
igniter to induce the igniter to generate an electrical spark.
The switch further includes an open operational state. The
battery pack test system further includes a first video camera
configured to generate a first plurality of images of an interior
of the vehicle battery pack. The switch is transitioned from
the open operational state to the closed operational state at a
first time if either the output voltage level of the battery cell is
greater than a threshold voltage level or the first plurality of
images indicate gases escaping from the battery cell, to
induce the igniter to generate the electrical spark to generate
a fire within an interior region of the vehicle battery pack.

A battery pack test system for testing a vehicle battery pack
in accordance with another exemplary embodiment is pro-
vided. The battery pack test system includes a first battery
charging device configured to supply a first electrical current
to the vehicle battery pack until the vehicle battery pack has a
state-of-charge substantially equal to a desired state-of-
charge. The first battery charging device is further configured
to supply a second electrical current to a battery cell in the
vehicle battery pack such that a state-of-charge of the battery
cellis greater than a threshold state-of-charge, after supplying
the first electrical current to the battery pack. The battery pack
test system further includes a data acquisition computer con-
figured to measure an output voltage level of the battery cell.
The battery pack test system further includes an electrically-
actuated igniter disposed in the vehicle battery pack. The
battery pack test system further includes a switch electrically
coupled between the electrically-actuated igniter and a volt-
age source. The switch has a closed operational state in which
a voltage is applied to the electrically-actuated igniter to
induce the igniter to generate an electrical spark. The switch
further includes an open operational state. The battery pack
test system further includes a first video camera configured to
generate a first plurality of images of an interior of the vehicle
battery pack. The switch is transitioned from the open opera-
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tional state to the closed operational state at a first time if
either the output voltage level of the battery cell is greater than
a threshold voltage level or the first plurality of images indi-
cate gases escaping from the battery cell, to induce the igniter
to generate the electrical spark to generate a fire within an
interior region of the battery pack.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of a battery pack test system in
accordance with an exemplary embodiment; and

FIGS. 2-4 are a flowchart of a method for performing a fire
safety test associated with a vehicle battery pack in accor-
dance with another exemplary embodiment.

DETAILED DESCRIPTION

Referring to FIG. 1, a battery pack test system 10 for
performing a fire safety test associated with a vehicle battery
pack 20, in accordance with an exemplary embodiment is
provided. During the fire safety test, the vehicle battery pack
20 is contained within a test chamber 30. An advantage of the
battery pack test system 10 is that the test system 10 can
accurately determine whether the vehicle battery pack 20 can
contain an internal fire for a predetermined amount of time.

The vehicle battery pack 20 is configured to provide an
operational voltage for powering either a hybrid electric
vehicle or a pure electric vehicle. The vehicle battery pack 20
includes a housing 35, a battery module 40, and a battery
module 50. The housing 35 is configured to hold the battery
modules 40, 50 therein. In one exemplary embodiment, the
battery modules 40, 50 are electrically coupled together in
series with one another. For purposes of simplicity, only two
battery modules 40, 50 are shown. However, in an alternative
embodiment, a plurality of additional battery modules could
be utilized within the vehicle battery pack 20.

The battery module 40 includes a housing 60, battery cells
70, 72, and temperature sensors 80, 82. The housing 60 is
configured to hold the battery modules 70, 72, and the tem-
perature sensor 80 therein. In one exemplary embodiment, the
battery cells 70, 72 are electrically coupled in series to one
another. The battery cell 70 has a positive terminal that is
electrically coupled to the contactor 212. The battery cell 70
further includes a negative terminal coupled to a positive
terminal of the battery cell 72. The battery cell 72 further
includes a negative terminal electrically coupled to a positive
terminal of a battery cell 172 in the battery module 50. In an
exemplary embodiment, the battery cells 70, 72 are pouch-
type lithium-ion battery cells having a substantially rectan-
gular peripheral profile. Of course, in an alternative embodi-
ment, other types of battery cells and/or alternative shaped
battery cells (e.g., cylindrical shaped battery cells) could be
utilized.

The temperature sensor 80 is disposed within the battery
module 40. The temperature sensor 80 is configured to itera-
tively generate a temperature signal indicative a first tempera-
ture level within the battery module 40 that is received by the
data acquisition computer 280. The data acquisition computer
280 is programmed to iteratively store the first temperature
level over time in a memory device 282.

The temperature sensor 82 is disposed outside of the bat-
tery module 40 and inside of the housing 35 of the vehicle
battery pack 20. The temperature sensor 82 is configured to
iteratively generate a temperature signal indicative a second
temperature level outside of the battery module 40 that is
received by the data acquisition computer 280. The data



US 9,281,544 B2

3

acquisition computer 280 is further programmed to iteratively
store the second temperature level over time in the memory
device 282.

The electrically-actuated igniter 90 is disposed in the hous-
ing 35 of'the vehicle battery pack 20 proximate to the housing
60 of the battery module 40. The igniter 90 is configured to
generate an electrical spark in response to a received voltage
to initiate a fire within the vehicle battery pack 20 when either
an output voltage level of a battery cell 70 within the battery
module 40 is greater than a threshold voltage level or gases
are escaping from the battery module 40. In particular, the
electrically-actuated igniter 90 is electrically coupled to a
node 221. A switch 220 is electrically coupled between the
node 221 and a voltage source 216. Also, a resistor 222 is
electrically coupled between the node 221 and electrical
ground. When the switch 220 has a closed operational state, a
voltage from the voltage source 216 is applied to the igniter 90
to induce the igniter 90 to generate a spark. When the switch
220 has an open operational state, a voltage is not applied to
the igniter 90.

The battery module 50 includes a housing 160, battery cells
170,172, and temperature sensors 180, 182. The housing 160
is configured to hold the battery modules 170, 172, and the
temperature sensor 180 therein. In one exemplary embodi-
ment, the battery cells 170, 172 are electrically coupled in
series to one another. The battery cell 172 has a positive
terminal that is electrically coupled to the negative terminal of
the battery cell 72. The battery cell 172 further includes a
negative terminal coupled to a positive terminal of the battery
cell 170. The battery cell 170 further includes a negative
terminal electrically coupled to the contactor 210. In an
exemplary embodiment, the battery cells 170, 172 are pouch-
type lithium-ion battery cells having a substantially rectan-
gular peripheral profile. Of course, in an alternative embodi-
ment, other types of battery cells and/or alternative shaped
battery cells (e.g., cylindrical shaped battery cells) could be
utilized.

The temperature sensor 180 is disposed within the battery
module 50. The temperature sensor 180 is configured to itera-
tively generate a temperature signal indicative a first tempera-
ture level within the battery module 50 that is received by the
data acquisition computer 280. The data acquisition computer
280 is programmed to iteratively store the first temperature
level over time in the memory device 282.

The temperature sensor 182 is disposed outside of the
battery module 50 and inside of the housing 35 of the vehicle
battery pack 20. The temperature sensor 182 is configured to
iteratively generate a temperature signal indicative a second
temperature level outside of the battery module 50 that is
received by the data acquisition computer 280. The data
acquisition computer 280 is further programmed to iteratively
store the second temperature level over time in the memory
device 282.

The battery pack test system 10 is configured to perform a
fire safety test on the vehicle battery pack 20 disposed in the
test chamber 30. The battery pack test system 10 includes
battery pack charging devices 200, 204, contactors 210, 212,
214, 215, the electrically-actuated igniter 90, a voltage source
216, a switch 220, a resistor 222, video cameras 230, 235,
240,250, a data acquisition computer 280, a master computer
282, and a display monitor 284.

The battery charging device 200 is configured to apply a
first electrical current to the vehicle battery pack 20 when the
contactors 210, 212 have a closed operational state. In an
exemplary embodiment, the battery charging device 200 sup-
plies a relatively constant electrical current to the vehicle
battery pack 20 until the vehicle battery pack 20 has a state-
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of-charge substantially equal to a desired state-of-charge for
testing purposes. In one exemplary embodiment, the desired
state-of-charge is a 100% maximum state-of-charge. In other
words, in one exemplary embodiment, the battery charging
device 200 charges the vehicle battery pack 20 until vehicle
battery pack 20 has an overcharged operational state.

The contactors 210, 212 are configured to selectively and
electrically couple the battery charging device 200 to the
vehicle battery pack 20. The contactor 210 is electrically
coupled between the battery charging device 200 and the
negative terminal of the battery cell 170 of the battery module
50. The contactor 212 is electrically coupled between the
battery charging device 200 and the positive terminal of the
battery cell 70 of the battery module 40. When the contactors
210, 212 receive respective control signals from the data
acquisition computer 280, the contactors 210, 212 each tran-
sition from an open operational state to a closed operational
state to electrically couple the battery charging device 200 to
the vehicle battery pack 20. Also, when the contactors 210,
212 do notreceive the respective control signals from the data
acquisition computer 280, the contactors 210, 212 each tran-
sition from the closed operational state to the open opera-
tional state to electrically de-couple the battery charging
device 200 from the vehicle battery pack 20.

The battery charging device 204 is configured to apply a
second electrical current to the battery cell 70 of the vehicle
battery pack 20 when the contactors 214 and 215 have a
closed operational state, and the contactors 210, 212 have an
open operational state. In an exemplary embodiment, the
battery charging device 204 supplies a relatively constant
second electrical current to the battery cell 70 such that a
state-of-charge of the battery cell 70 is greater than a thresh-
old state-of-charge, after the vehicle battery pack 20 has a
state-of-charge substantially equal to a desired state-of-
charge. In one exemplary embodiment, the threshold state-
of-charge of the battery cell 70 is a 100% maximum state-of-
charge. In other words, in one exemplary embodiment, the
battery charging device 204 charges the battery cell 70 until
battery cell 70 has an overcharged operational state.

The contactors 214, 215 are configured to selectively and
electrically couple the battery charging device 204 to the
battery cell 70. The contactor 214 is electrically coupled
between the battery charging device 204 and the negative
terminal of the battery cell 70. The contactor 215 is electri-
cally coupled between the battery charging device 204 and
the positive terminal of the battery cell 70. When the contac-
tors 214, 215 receive respective control signals from the data
acquisition computer 280, the contactors 214, 215 each tran-
sition from an open operational state to a closed operational
state to electrically couple the battery charging device 204 to
the battery cell 70. Also, when the contactors 214, 215 do not
receive the respective control signals from the data acquisi-
tion computer 280, the contactors 214, 215 each transition
from the closed operational state to the open operational state
to electrically de-couple the battery charging device 204 from
the battery cell 70.

The electrically-actuated igniter 90 is disposed within the
vehicle battery pack 20 proximate to the battery module 40.
The igniter 90 is configured to generate an electrical spark in
response to a received voltage to initiate a fire within the
vehicle battery pack 20. In one exemplary embodiment, the
data acquisition computer 280 generates a control signal to
induce the switch 220 to transition to a closed operational
state when either an output voltage level of the battery cell 70
is greater than a threshold voltage level, or a first plurality of
images from the video camera 250 indicate gases are escaping
from the battery module 40 which further indicates gases are
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escaping from the battery cell 70. When the switch 220 has a
closed operational state, a voltage from the voltage source
216 is applied to the igniter 90 and the igniter 90 generates a
spark in response to the received voltage. After a predeter-
mined amount of time, the data acquisition computer 280
stops generating the control signal to induce the switch 220 to
transition to an open operational state. When the switch 220
has an open operational state, a voltage is not applied to the
igniter 90 and the igniter 90 stops generating a spark. In an
alternative embodiment, the switch 220 can be manually
actuated by an operator between a closed operational state
and an open operational state.

The video cameras 230, 235, 240 are positioned to obtain a
360° view of exterior of the housing 35 of the vehicle battery
pack 20. The images generated by the video cameras 230,
235, 240 areutilized to determine whether a fire originating in
within the vehicle battery pack 20 propagates outside of the
vehicle battery pack 20 after a predetermined time interval
associated with a fire safety test. In one exemplary embodi-
ment, each of the images generated by the video cameras 230,
235, 240 have an associated timestamp for synchronizing the
images with one another and for monitoring the time associ-
ated with the fire safety test. In one exemplary embodiment,
the predetermined time interval for the fire safety test is in a
range of 5-10 minutes. Of course, in an alternative embodi-
ment, the predetermined time interval could be greater than
10 minutes.

The video camera 250 is utilized by an operator to deter-
mine when a fire is initiated within the battery module 40 by
the igniter 90. The video camera 250 is disposed inside the
housing 35 of the vehicle battery pack 20. The video camera
250 is configured to generate a first plurality of images of the
exterior of the battery module 40 for at least a predetermined
time interval. The video camera 250 operably communicates
with the master computer 282 and transfers the first plurality
of images to the master computer 282. The master computer
282 stores the first plurality of images in the memory device
285, and generates display signals to display the first plurality
of'images on the display monitor 284. Each image of the first
plurality of images from the video camera 250 has a times-
tamp for synchronizing the respective image with the images
from the other video cameras.

The video camera 230 is disposed outside of the test cham-
ber 30 and proximate to a window 310. The window 310
extends through and is coupled to an outer wall 300 of the test
chamber 30. The video camera 230 is configured to generate
a second plurality of images of the exterior of the vehicle
battery pack 20 for at least a predetermined time interval. The
video camera 230 operably communicates with the master
computer 282 and transfers the second plurality of images to
the master computer 282. The master computer 282 stores the
second plurality of images in the memory device 285, and
generates display signals to display the second plurality of
images on the display monitor 284. Each image of the second
plurality of images from the video camera 230 has a times-
tamp for synchronizing the respective image with the images
from the other video cameras.

The video camera 235 is disposed outside of the housing 35
of'the vehicle battery pack 20 and inside the test chamber 30.
The video camera 235 is configured to generate a third plu-
rality of images of the exterior of the vehicle battery pack 20
for at least a predetermined time interval. The video camera
235 operably communicates with the master computer 282
and transfers the third plurality of images to the master com-
puter 282. The master computer 282 stores the third plurality
of images in the memory device 285, and generates display
signals to display the third plurality of images on the display
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monitor 284. Each image of the third plurality of images from
the video camera 235 has a timestamp for synchronizing the
respective image with the images from the other video cam-
eras.

The video camera 240 is disposed outside of the housing 35
of'the vehicle battery pack 20 and inside the test chamber 30.
The video camera 240 is configured to generate a fourth
plurality of images of the exterior of the vehicle battery pack
20 for at least a predetermined time interval. The video cam-
era 240 operably communicates with the master computer
282 and transfers the fourth plurality of images to the master
computer 282. The master computer 282 stores the fourth
plurality of images in the memory device 285, and generates
display signals to display the fourth plurality of images on the
display monitor 284. Each image of the fourth plurality of
images from the video camera 240 has a timestamp for syn-
chronizing the respective image with the images from the
other video cameras.

During the fire safety test, an operator viewing the first
plurality of images from the video camera 250 can determine
when a fire is initiated within the vehicle battery pack 20 by
the igniter 90 by viewing gases propagating from the battery
module 40 and the associated timestamp of that image. The
operator can further determine whether a fire propagates out-
side the vehicle battery pack 20 within a predetermined time
interval by viewing the images from the video cameras 230,
235, 240 and the associated timestamps of these images.

The data acquisition computer 280 is operably coupled to
the temperature sensors 80, 82, 180, 182, the battery charging
devices 200, 204, the contactors 210, 212, 214, 215, the
switch 220, the video cameras 230, 235, 240, 250, and the
master computer 282. In one exemplary embodiment, the data
acquisition computer 280 is programmed to perform atleast a
portion of the steps of a fire safety test as will be explained in
greater detail below. The data acquisition computer 280
includes a memory device 282 for storing programmed
instructions and data associated with the fire safety test.

The master computer 282 is operably coupled to the video
cameras 230, 235, 240, 250, the data acquisition computer
280, and the display monitor 284. The master computer 282 is
programmed to store the first, second, third, and fourth plu-
rality of images from the video cameras 250, 230, 235, 240,
respectively in the memory device 285. The master computer
282 is further configured to generate display signals to dis-
play the first, second, third, and fourth plurality of images on
the display monitor 284.

The test chamber 30 is configured to hold the vehicle
battery pack 20 therein. The test chamber 30 includes an outer
wall 300 having the window 310 disposed therethrough. The
test chamber 30 further includes an exhaust ventilation sys-
tem 320 for removing smoke from an interior region of the
test chamber 30 during a fire safety test.

Referring to FIGS. 1-4, a flowchart of a method for per-
forming a fire safety test associated with the vehicle battery
pack 20 utilizing the battery pack test system 10, in accor-
dance with another exemplary embodiment will be explained.

At step 400, the video camera 250 disposed within the
housing 35 of the vehicle battery pack 20 generates a first
plurality of images of the interior of the vehicle battery pack
20. The master computer 282 receives the first plurality of
images and stores the first plurality of images in the memory
device 285.

At step 402, the video camera 250 disposed proximate to
the window 310 of the test chamber 30 generates a second
plurality of video images of an exterior of the vehicle battery
pack 20 disposed in the test chamber 30. The master computer
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282 receives the second plurality of images and stores the
second plurality of images in the memory device 285.

At step 404, the video cameras 235, 240 disposed in the test
chamber 30 and outside of the vehicle battery pack 20 gen-
erate a third plurality of video images and a fourth plurality of
video images, respectively, of the exterior of the vehicle bat-
tery pack 20. The master computer 282 receives the third and
fourth plurality of images and stores the third and fourth
plurality of images in the memory device 285.

Atstep 406, the temperature sensor 80 iteratively generates
a first temperature signal indicative a first temperature level
within the battery module 40 in the vehicle battery pack 20
that is received by the data acquisition computer 280 and
stored in the memory device 282 by the data acquisition
computer 280.

At step 408, the temperature sensor 82 iteratively generates
a second temperature signal indicative a second temperature
level outside of the battery module 40 and inside the vehicle
battery pack 20 that is received by the data acquisition com-
puter 280 and stored in the memory device 282 by the data
acquisition computer 280.

At step 410, the data acquisition computer 280 generates
first and second control signals to induce the contactors 210,
212, respectively, to each transition to a closed operational
state to electrically couple the battery charging device 200 to
the vehicle battery pack 20.

At step 418, the battery charging device 200 supplies a
relatively constant first electrical current to the vehicle battery
pack 20 until the vehicle battery pack 20 as a state-of-charge
substantially equal to a desired state-of-charge.

At step 420, the data acquisition computer 280 stops gen-
erating the first and second control signals to induce the
contactors 210, 212, respectively, to each transition to an open
operational state to electrically de-couple the battery charg-
ing device 200 from the vehicle battery pack 20.

At step 422, the data acquisition computer 280 generates
third and fourth control signals to induce contactors 214, 215,
respectively, to each transition to a closed operational state to
electrically couple the battery charging device 204 to the
battery cell 70 within the vehicle battery pack 20.

At step 424, the battery charging device 204 supplies a
second electrical current to the battery cell 70 in the vehicle
battery pack 20 until a state-of-charge of the battery cell 70 is
greater than a threshold state-of-charge, after the vehicle bat-
tery pack 20 has the state-of-charge substantially equal to the
desired state-of-charge.

At step 426, the data acquisition computer 280 makes a
determination as to whether either the output voltage level of
the battery cell 70 is greater than a threshold voltage level or
the first plurality of images indicate gases escaping from the
battery cell 70. If the value of step 426 equals “yes”, the
method advances to step 428. Otherwise, the method returns
to step 426. In an alternative embodiment, an operator manu-
ally performs the step 426.

At step 428, the data acquisition computer 280 starts itera-
tively generating a fifth control signal at a first time to induce
the switch 220 that is electrically coupled between the elec-
trically-actuated igniter 90 and the voltage source 216 to
transition to a closed operational state such that an opera-
tional voltage is applied to the igniter 90 in the vehicle battery
pack 20 to induce the igniter 90 to generate an electrical spark
to generate a fire within the vehicle battery pack 20. In an
alternative embodiment, an operator performs the step 422
and manually transitions the switch 220 to a closed opera-
tional state to induce the igniter 90 to generate electrical spark
to generate a fire within the interior region of the housing 35
of the vehicle battery pack 20.
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At step 434, an operator makes a determination is to
whether the second plurality of video images, the third plu-
rality of video images, and the fourth plurality of images
indicate that a flame is not propagating outside of the vehicle
battery pack 20 during a predetermined time interval after the
first time when the fire was initiated within the vehicle battery
pack 20. If the value of step 434 equals “yes”, the method
advances to step 436. Otherwise, the method advances to step
438.

At step 436, the operator determines that the vehicle bat-
tery pack 20 passes the fire safety test. After step 436, the
method advances to step 440.

Referring again to step 434, if the value of step 434 equals
“no”, the method advances to step 438. At step 438, the
operator determines that the vehicle battery pack 20 has failed
the fire safety test. After step 438, the method advances to step
440.

At step 440, the operator turns on the exhaust ventilation
system 320 to remove smoke from the test chamber 30 after a
fire is propagating within the vehicle battery pack 20.

Referring to FIG. 1, in an alternative embodiment, the
battery charging device 204 and the contactors 214, 215 can
be removed from the battery pack test system 10, and the
contactors 216, 217 can be utilized to selectively electrically
couple the battery charging device 200 to the battery cell 70.
The data acquisition computer 280 is configured to generate
control signals to transition the contactors 216, 217 from an
open operational state to a closed operational state. Further,
the data acquisition computer 280 is configured to stop gen-
erating control signals to transition the contactors 216, 217
from the closed operational state to the open operational state.
In this alternative embodiment, the battery charging device
240 is utilized to further charge the battery cell 72 to a state-
of-charge that is greater than a threshold state-of-charge, after
the vehicle battery pack 20 has the state-of-charge substan-
tially equal to a desired state-of-charge.

The battery test system 10 and the method for performing
the fire safety test provide a substantial advantage over other
battery test systems. In particular, the battery test system 10
provides a technical effect of utilizing a battery charging
device to charge the vehicle battery pack to a desired state-
of-charge, and a second battery charger to further charge a
battery cell within the vehicle battery pack to greater than a
threshold state-of-charge, and an electrically-actuated igniter
to induce a fire within an interior region of the vehicle battery
pack, and a video camera to determine whether a flame propa-
gates outside of the vehicle battery pack within a predeter-
mined time interval.

While the claimed invention has been described in detail in
connection with only a limited number of embodiments, it
should be readily understood that the invention is not limited
to such disclosed embodiments. Rather, the claimed inven-
tion can be modified to incorporate any number of variations,
alterations, substitutions or equivalent arrangements not
heretofore described, but which are commensurate with the
spirit and scope of the invention. Additionally, while various
embodiments of the claimed invention have been described, it
is to be understood that aspects of the invention may include
only some of the described embodiments. Accordingly, the
claimed invention is not to be seen as limited by the foregoing
description.

What is claimed is:
1. A battery pack test system for testing a vehicle battery
pack, comprising:
a first battery charging device configured to supply a first
electrical current to the vehicle battery pack until the
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vehicle battery pack has a state-of-charge substantially
equal to a desired state-of-charge;

a second battery charging device configured to supply a
second electrical current to a battery cell in the vehicle
battery pack such that a state-of-charge of the battery
cell is greater than a threshold state-of-charge, after the
vehicle battery pack has the state-of-charge substan-
tially equal to a desired state-of-charge;

a data acquisition computer configured to measure an out-
put voltage level of the battery cell;

an electrically-actuated igniter disposed in the vehicle bat-
tery pack;

a switch electrically coupled between the electrically-ac-
tuated igniter and a voltage source, the switch having a
closed operational state in which a voltage is applied to
the electrically-actuated igniter to induce the igniter to
generate an electrical spark, the switch further having an
open operational state;

a first video camera configured to generate a first plurality
of'images of an interior of the vehicle battery pack; and

the switch being transitioned from the open operational
state to the closed operational state at a first time if either
the output voltage level of the battery cell is greater than
a threshold voltage level or the first plurality of images
indicate gases escaping from the battery cell, to induce
the igniter to generate the electrical spark to generate a
fire within an interior region of the vehicle battery pack.

2. The battery pack test system of claim 1, further compris-
ing:

a second video camera configured to generate a second
plurality of images of a first portion of an exterior of the
vehicle battery pack;

athird video camera configured to generate a third plurality
of images of a second portion of the exterior of the
vehicle battery pack; and

a fourth video camera configured to generate a fourth plu-
rality of images of a third portion of the exterior of the
vehicle battery pack.

3. The battery pack test system of claim 2, wherein the
second, third, and fourth video cameras provide 360 degree
video monitoring of the exterior of the vehicle battery pack.

4. The battery pack test system of claim 2, wherein the
vehicle battery pack passes a fire safety test if none of the
second, third, and fourth plurality of images indicate a flame
propagating outside of the vehicle battery pack during a pre-
determined time interval.

5. The battery pack test system of claim 4, wherein the
predetermined time interval is in a range of 5-10 minutes.

6. The battery pack test system of claim 2, further compris-
ing a master computer that is operably coupled to the first,
second, third, and fourth video cameras, the master computer
configured to store the first, second, third, and fourth plurality
of images in a memory device.

7. The battery pack test system of claim 1, wherein the
electrically-actuated igniter is disposed within the vehicle
battery pack and proximate to a battery module having the
battery cell therein.

8. The battery pack test system of claim 1, wherein the data
acquisition computer is operably coupled to the switch, the
data acquisition computer programmed to generate a first
control signal to induce the switch to transition from the open
operational state to the closed operational state at the first time
if the output voltage level of the battery cell is greater than the
threshold voltage level.

9. The battery pack test system of claim 1, further compris-
ing a first temperature sensor operably coupled to the data
acquisition computer, the first temperature sensor disposed
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within a battery module of the vehicle battery pack, the first
temperature sensor configured to iteratively generate a first
temperature signal indicative a first temperature level within
the battery module that is received by the data acquisition
computer, the data acquisition computer programmed to
iteratively store the first temperature level over time in a
memory device.

10. The battery pack test system of claim 9, further com-
prising a second temperature sensor disposed outside of the
battery module and inside of the vehicle battery pack, the
second temperature sensor configured to iteratively generate
a second temperature signal indicative a second temperature
level outside of the battery module that is received by the data
acquisition computer, the data acquisition computer further
programmed to iteratively store the second temperature level
over time in the memory device.

11. The battery pack test system of claim 1, further com-
prising a test chamber configured to hold the vehicle battery
pack therein.

12. The battery pack test system of claim 11, wherein the
test chamber has a window disposed thereon, a second video
camera being disposed outside of the test chamber and proxi-
mate to the window.

13. A battery pack test system for testing a vehicle battery
pack, comprising:

a first battery charging device configured to supply a first
electrical current to the vehicle battery pack until the
vehicle battery pack has a state-of-charge substantially
equal to a desired state-of-charge;

the first battery charging device further configured to sup-
ply a second electrical current to a battery cell in the
vehicle battery pack such that a state-of-charge of the
battery cell is greater than a threshold state-of-charge,
after supplying the first electrical current to the battery
pack;

a data acquisition computer configured to measure an out-
put voltage level of the battery cell;

an electrically-actuated igniter disposed in the vehicle bat-
tery pack;

a switch electrically coupled between the electrically-ac-
tuated igniter and a voltage source, the switch having a
closed operational state in which a voltage is applied to
the electrically-actuated igniter to induce the igniter to
generate an electrical spark, the switch further having an
open operational state;

a first video camera configured to generate a first plurality
of images of an interior of the vehicle battery pack; and

the switch being transitioned from the open operational
state to the closed operational state at a first time if either
the output voltage level of the battery cell is greater than
a threshold voltage level or the first plurality of images
indicate gases escaping from the battery cell, to induce
the igniter to generate the electrical spark to generate a
fire within an interior region of the battery pack.

14. The battery pack test system of claim 13, further com-

prising:

a second video camera configured to generate a second
plurality of images of a first portion of an exterior of the
vehicle battery pack;

athird video camera configured to generate a third plurality
of images of a second portion of the exterior of the
vehicle battery pack; and

a fourth video camera configured to generate a fourth plu-
rality of images of a third portion of the exterior of the
vehicle battery pack.
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15. The battery pack test system of claim 14, wherein the
second, third, and fourth video cameras provide 360 degree
video monitoring of the exterior of the vehicle battery pack.

16. The battery pack test system of claim 14, wherein the
vehicle battery pack passes a fire safety test if none of the
second, third, and fourth plurality of images indicate a flame
propagating outside of the vehicle battery pack during a pre-
determined time interval.

17. The battery pack test system of claim 16, wherein the
predetermined time interval is in a range of 5-10 minutes.
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